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Along with such widely known forms of thermo-chemical  process  - 
ing of alloys a s  cementation, nitridation, and cyanidation, cer ta in  new 
processes  have acquired wide application in recent years .  
include such processes  of diffusion saturation of the surface of alloys 
as saturation with meta ls  (aluminizing, chromizing , molyb denumizing , 
etc. ) and saturation with metalloids (boronizing and siliconizing). 
These 
The extensive industrial  use being made of these processes  is due 
to the high grade of physico-chemical properties acquired by products 
as a resu l t  of diffusion saturation of their surfaces  by metals ,  meta l -  
loids, o r  their  compounds. 
with meta ls  and metalloids is not only an effective means but, in many 
cases ,  the only possible means fo r  solving such modern technological 
problems a s  the protection of the surface of alloys f rom oxidation a t  
high tempera tures ,  increasing their  durability and resis tance to co r ro -  
sion, providing special  e lectr ical  and magnetic propert ies  on the s u r  - 
face,  etc. 
Diffusion saturation of the surface of alloys 
Despite the availability of a fa i r ly  extensive l i t e ra ture  devoted to  
the study of individual questions of diffusion saturat ion of the surfaces  
of alloys with metals and metalloids (see,  for  instance,  the Li terature  
Cited1y29374a5), much less  attention has  been paid to  calculating the dif- 
fusion constants in chemico-thermal  processing. 
The most  thorough investigations in this a r e a  a r e  
in  the Li te ra ture  Cited";-. At the same  t ime,  a study of the laws of the 
diffusion of various elements when they a r e  used to saturate  the surface 
of metals and alloys makes it possible not only to broaden our under- 
standing of the nature of phase transformations taking place in alloys 
during the i r  processing, but a l so  makes it possible to compute cor rec t ly  
the  prnductinn rate of the diffusion saturation of the surface of alloys 
by means of metals  and metalloids. Such computations a r e  of special  
in te res t  in connection with the increased use,  in production, of vapor,  
gas ,  and liquid methods of saturating the surface of alloys by meta ls  
and metalloids since they make it possible to  intensify the saturation 
process .  
The diffusion constants f o r  alpha-phase chromium used for  the 
chromizing of i ron  in a gas medium have already been computed by 
::Given the framework of the present a r t ic le ,  we a r e  not citing h e r e  
the extensive l i t e ra ture  available on general  questions of diffusion. 
This can  be had, for  instance, f rom the bibliography cited by Ger ts r iken  
and Dekhtyar'. 
1 
Hoar and Groom’ while the ccrresponding figures for a liquid medium 
a r e  given by Campbell et  all0. 
in using the basic diffusion equation 
However, the authors of these papers  
(where 6 is  the thickness of the diffusion layer ;  v ,  a constant which 
depends on concentration and temperature;  t, the duration of the dif-  
fusion) conditionally accepted the value of v a s  being equal to  1. The 
computed values of D and Q then become approximately a s  follows: 
Q = 57 Kcal /g  a t  (Hoar and Groom’), 
D’’OOO CY = 25. 5 -  10-10cm2/sec,  
Q = 58 K c a l / g * a t  (Campbell et all0). 
Buckle”, using a method he had worked out for  computing the dif-  
fusion coefficient for  a multiphase layer  formed on the surface of a 
sample,  utilized the data given by Galmiche” on the diffusion-chroming 
of i ron in a gas medium, and computed the diffusion constant for  the 
alpha- and gamma-phase of chromium, taking into account the concen- 
t ra t ionfac tor  of the parameter  of v. 
110oO 
a! 
D l l O O O  
= 50 - 1 0 - l ~  cm2/  s e c ,  
= 0.92 10-l’ cm2/ sec .  Y 
The present  a r t ic le  examines the method f o r  determining the dif - 
fusion coefficient in cases  when a multiphase diffusion layer  is formed 
on the surface zone of the metal. 
The calculation of the coefficient of diffusion was made  by using a s  
example the chromium-saturation of i ron  in  a gas  phase. 
F igure  1 presents  schematically the distribution of concentration 
in a sample when, in the process  of diffusion, s e v e r a l  different phases 
a r e  formed,  k = 1, 2 ,  . . . n 4- 1. 
In determining the diffusion coefficients f o r  var ious phases Dk in 
the fo rm of a concentration curve,  w e  sha l l  a s s u m e  that the coefficients 
a r e  constants within the l imits of the i r  respect ive phase and that the 
concentration on the outer surface of sample  z0  is not dependent on t ime. 
2 
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Figure 1. Schematic Distribution of Concentration 
of Diffusion in a Heterophase Medium 
Concentrations zk-l and ck, on the phase boundaries,  a r e  a l so  assumed 
to  be known and not to  be a function of time. 
mined in a diagram giving the state of the respective sys tem if one 
a s sumes  that the shift of phase boundaries occurs  quasi-statically.  
Generally, the values of ck, zk, and values of the jumps o r  discontinu- 
i t ies  Ak = ck - zk a r e  determined experimentally. Thus, the concen- 
t ra t ion c k (x, t )  within phase k satisfies the following equations: 
These values can be de te r -  
where  
3 
Within the limitations outlined above and in the presence of na tura l  
initial conditions cn t- (x, 0)  = 0, the boundaries separating the differ - 
ent phases s h i f t a s  we know-during the process  of diffusion, according 
to the parabolic law. 
It i s ,  therefore,  assumed in equations (1)  and ( 2 )  that 
The index k in equations (1 )  to  (3)  a s sumes  the value of 1 ,2 ,  . . . n t 1, 
with y&t)  = 0 (bo = 0 ) ;  while when k = n t 1, we must  r ega rd  
Y n + l ( t )  = 00 ( b n t 1  = a), c n t 1  = 0 ( see  F igure  1). The m a s s  balance 
on a n  a rb i t r a ry  boundary, moving according to the law of x = y ( t ) ,  can 
be expressed by equation 
where  dm/dt  i s  the result ing flow a c r o s s  the phase boundary in question 
in the direction of an  increase in the value of the coordinate x. The 
f i r s t  and second t e r m s  on the right s ide of the above equation express ,  
respectively, the pure diffusion flow and the flow result ing f r o m  the 
crossing of the phase boundary by the given substance because of the 
boundary shift.  The quantity of mat te r  mk,  which at a moment  in t ime 
t is  found beyond the border  which separa tes  phases k and k t 1, moving 
in accordance with the law of x = y k ( t )  = 2 b k 6 ,  can be computed by 
the following two methods (numerically,  the value of m k  equals the 
shaded a r e a  in F igure  1 ) :  
t 
The equivalence of the two methods is the resu l t  of the continuity of the 
flow a c r o s s  the phase borders .  
Using equations ( 2 )  and ( 3 ) ,  we can  then compute the following: 
L 
By replacing k,  in the las t  equation above, with k - 1, we get 
which, solved for  Dk, becomes 
This expression can be used fo r  determining the coefficient of diffusion 
in var ious phases. 
the position of a given phase boundary at  any given point in t ime t, and 
the relationship of the integral  diffusion flows a c r o s s  these boundaries 
a s  of that  particular moment, Bk = (mk t 1 + zk- lyk-  l ) / ( m k  + CkYk). 
To  find the coefficient Dk, it i s  sufficient to know 
According to Figure 1, the value of Bk represents  the relationship 
between the a r e a s  of sections of the diffusion zone lying below the a k - l  
line and the ak  line, respectively. 
distribution concentration in the given sample has  been determined 
expe r imentally . 
It can be calculated directly if the 
Formula  (9) ,  which for  a n  a r e a  adjacent to  the surface of the s a m -  
ple (k = 1)  takes the f o r m  of 
can  be utilized fo r  determining the coefficient of diffusion in all zones 
except the last one, since when k = n t 1 (i. e . ,  when y n +  1 - ~0 and 
Cn+ - 0),  expression ( 9 )  becomes identical. Formula  (7 )  can  be used 
to  determine the value of Dn + . With k = n, it gives 
n 
5 = 2 & 7 7  
The right side of this equation can also be determined graphically, i f  
the course  of the concentration curve in the las t  zone i s  known. The 
5 
function f i x  exp (x’) erfcx is a monotone function, the value of which 
increases  and tends to approach 1 fo r  increasing values of x. 
Following is  a table of the values of this function, which can be 
used to find the required value of 6 in equation (11): 
0. 1 0. 159 0. 6 0.603 1.2 
0 .2  0.286 0.7 0.652 1.4 
0. 3 0.390 0. 8 0.693 1.6 
0.4 0.475 0. 9 0.720 1.8 
0.5 0.545 1.0 0.757 L 2 . 0  
0.804 0.917 
0.839 0. 929 
0.866 0.936 
0.887 2.8 0.944 
Expressions ( 6 )  and ( 7 )  can se rve  a s  a basis  f o r  another method of 
determining the diffusion coefficient of a multiphase medium. 
method-unlike the one descr ibed above-does not require  knowledge of 
the exact progress  of concentration in the sample under investigation. 
Since expressions ( 6 )  and ( 7 )  a r e  equal, we obtain the following r e c u r -  
rent  equation 
This 
which makes it possible to  determine the value of m +  
been determined and if  the position of the phase-boundaries a t  the t ime-  
instant t a s  well a s  the concentration level at these p o i n t s i s  known. 
Thus, in  o rder  to find all the coefficients, i t  is sufficient-besides es tab-  
lishing the value of 6k, Ak, and yk, a l ready  mentioned-to know jus t  the 
value of D1. 
if Dk has  a l ready 
To find D1, convenient use can  be made  of the formula which de ter -  
mines the total  m a s s  mo of the substance which had diffused i ts  way into 
the body of the sample.  We must  bea r  in mind, however, that in a num- 
ber  of cases  it is possible to determine m0 without defining the fo rm of 
the concentration curve (e .  g. , by means  of weighing the sample if sa t -  
uration took place in a gas o r  liquid phase,  o r  by measur ing  the total  
y-radioactivity of the sample with the use  of radioactive isotopes).  
The equation for mo derived f rom formula  ( 7 )  f o r  the case  when 
k = 0 has this form:  
6 
By using formula (12), the coefficients Dz, D,, . . . Dn+ 1 can be 
computed by the graphic method if  we f i r s t  draw up a family of functions 
exp ( - x ' ) / x ( e r f a x  - er fx)  to  determine the values of x and 6! at the 
intervals required (x = yk/2 om, a! = yk+  1/Yk > 1 for  the left  
half of the equation, a n d x  = yk/2-, a! = y k - l / y c  /< 1 for  the right). 
By using the f i r s t  of the methods described above, we were  able,  
with the a id  of formulas  (9)  to (1 1 ), t o  determine the coefficients for  
the diffusion of chromium in i ron (with a 0. 03% C content), for  a! and 
y phases,  saturating the i ron  with chromium in the gas phaseI3. 
F igure  2, below, shows the resul ts  of determining the concentra- 
tion of chromium by layers  in the diffusion zone at temperatures  of 
900",  l O O O " ,  1100", and 1200°C-the duration of the process  being 3 
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Figure  2. 
Zones of Iron Which Underwent a Chromium Saturation P rocess  
in a Gas Medium a t  Temperatures  f rom 900"  to  1200°C for  a 
Pe r iod  of Three Hours (1)  and Six Hours ( 2 )  
Changes in the Concentration of Chromium in the Surface 
Chromium concentration by layers was determined by the spec t ra l  
method14. The nodal points of the concentration curves (identified by 
7 
a r rows  in  F igu re  2 )  correspond to  the boundaries of y - + ~  phase-  
transit ion at a n  i so thermic  point in the process .  
the curve corresponds to  chromium distribution in the a -phase ,  while 
the lower par t  corresponds to the y-phase (at annealing temperature) .  
Chromium concentration on the boundary of the a! and y phases ,  obtained 
as a resul t  of these  experiments ,  corresponds sat isfactor i ly  to  the 
resul ts  shown in  the d iagram of the F e  = C r  sys t em state15. 
The upper par t  of 
The resu l t s  of computing the chromium diffusion coefficient in  the 
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Figure  3. The Tempera tu re  F a c t o r  in the Coefficient 
of Diffusion (D, c m 2 / s e c )  of Chromium in the a- 
State of I ron  (Curve 1 )  and  the y-State (Curve 2 )  
Process ing  the experimental  data makes  it possible to  present  
equations for  the chromium diffusion coefficient in the Q! and y phases  
in  i r o n  as  follows: 
36,000 D, = 1.55 - 10-3 exp(  R T  ) , 
Dy = lO"exp(- 4 4 , 0 0 0  R T  ) .  
Received f o r  publication: 7 Oct 1963. 
LITERATURE CITED 
1. D. A. Prokoshkin,  Diffusion of Elements in Solid Iron, Proceedings 
of the Moscow Steel Institute (Chemical and Therma l  Methods f o r  
P rocess ing  Steel), ONTI, 1938. 
2. A. N. Minkevich, Chemico-Thermal  P rocess ing  of Steel, 
MASHGIZ, 1950. 
3. N. S. Gorbunov, Diffusion-Plating of Iron and Steel,  Publishing 
House of the Academy of Sciences, USSR, 1958. 
4. G. N. Dubinin, Residual Tension in Surface Laye r s  of Alloys 
Following Diffusion Saturation, Publishing House of the Academy 
of Sciences,  Department of Technical Sciences,  Metallurgy and 
Fuel ,  1962, No. 4, 113. 
5. G. N. Dubinin, Theory and Prac t ice  of Diffusion Saturation of 
Alloys with Metals (Investigation of Heat -Resisting Alloys),  
Proceedings of the Moscow Aviation Institute, 1960, Issue 123. 
6. Yu. M. Lakhtin, The Physical  Bases  of the Nitrogenation P r o c e s s ,  
MASHGIZ, 1948. 
7. A. A. Popov, Theoret ical  Bases  of the Chemico-Thermal  
P rocess ing  of Steel, METALLURGIZDAT, 1962. 
8. S. D. Ger t s r iken  and I. Y a .  Dekhtyar, Solid-Phase Diffusion 
i n  Metals  and Alloys, FIZMATGIZ, 1960. 
9. T. Hoar  and  F. Gruoiii, Xzchacis-T- and  Kinetics of the Chromizing 
of Mild Steel in a n  Atmosphere Containing Chromous Chloride,  
J. I ron  Steel Inst . ,  1951, 169, 101. 
10. I. E. Campbell ,  V. D. Borth,  R. F. Hoeckelman, and B. W. 
c - m 7  U IVUubr ,  c n r  Transact ions of the Electrochem. SOC.,  1949, 96, 262. 
11. H. Buckle, Note s u r  la chromisation du F e r ,  La Recherche 
Adronautique, 1950, 61, No. 16. By the same author: 1949, 
45,  No. 12. 
12. P. Galrniche, Nouveau proce'dk de chromage thermique e t  formation 
d 'a l l iages  mixtes  de diffusion, Revue de Me'tallurgie, 1950, 4 7 ,  
192. 
ch rome ,  Comptes Rendus, 1950, 230, No. 1, 89. 
By the s a m e  author: Protection de me'taux par  diffusion de 
9 
13. G. N. Dubinin, Diffusion Chromizing of Steel, ?,IEThLL'u'RGiZDAT, - 
1950. 
14. G. N. Dubinin, V. G. Koritskiy, and I. M. Veselovskaya, 
Diffusion of Chromium, Vanadium, and Manganese on the Surface 
of Steel  in a Gas Medium, Journal  of Tech. Phys ics ,  1953, XXIII, 
Issue No. 10. 
15. G. N. Dubinin, On the Nature of Surface Zones Ar is ing  in the 
Diffusion of Chromium in Iron, J. Tech. Phys ics ,  XXVI, I ssue  
No. 6. 
1 0  
D ISTRl BUT ION 
No. of Copies 
EXTERNAL 
Air University Library 
ATTN: AUL3T 
W e l l  Air Force Base, Alabama 36112 
U. S. Amy Electronics Proving Ground 
ATTN: Technical Library 
Fort Huachuca, Arizona 
U. S. Naval Ordnance Test Station 
ATIN: Technical Library, Code 753 
China Lake, California 93555 
U. S. Naval Ordnance Laboratory 
ATTN: Library 
Corona, California 91720 
Lawrence Radiation Laboratory 
ATIN: Technical Information Division 
P. 0. Box 808 
Livermore, California 
Sandia Corporation 
ATTN: Technical Library 
P. 0. Box 969 
Livermore, California 94551 
U. S. Naval Postgraduate Schml 
ATTN: Library 
Monterey, California 93940 
Electronic Warfare Laboratory, USAEUBI 
Post Office Box 205 
Mountain View, California 94042 
Jet Propulsion Laboratory 
ATTN: Library (TDS) 
4800 Oak Grove Drive 
Pasadena, California 91103 
IU. S. Naval Missile Center 
ATTN: Technical Library, Lode iujir22 
Point hbgu, California 
U. S. Amy Air Defense Camnand 
All": ADSX 
Ent Air Force Base, Colorado 
Central Intelligence Agency 
A T I N :  OCWDD-Standard Distributipn 
Washington, D. C. 20505 
Harry DiamDnd Laboratories 
All": Library 
Washington, D. C. 20438 
Sc ien t i f ic  & Tech. Information Div., NASA 
AT": ATS 




U. S. Atomic Energy Conmission 
All": Reports Library, Room G-017 
Washington, D. C. 20545 
U. S. Naval Research Laboratory 
All": Code 2027 
Washington, D. C. 20390 
Weapons Systems Evaluation Group 
Washington, D. C. 20305 
John F. Kennedy Space Center, NASA 
ATIN: KSC Library, Documents Section 
Kennedy Space Center, Florida 32899 
Eglin Air Force Base, Florida 32542 
U. S. Amy CDC Infantry Agency 
Fort Benning, Georgia 31905 
Argonne National Laboratory 
All": Report Section 
9700 South Cass Avenue 
Argonne, I l l i n o i s  60440 
U. S. A m y  Weapons Command 
Rock Island, I l l i n o i s  61201 
APGC (Paps-12) 
ATTN: AMSWE-RDR 
Rock Island Arsenal 
ATTN: SWERI-RDI 




Rock Island, I l l i n o i s  61201 
U. S. Army and. & General Staff College 
ATIN: Acquisitions, Library Division 
Fort Leavenworth, Kansas 66027 
Combined Arms Group, USACDC 
A'ITN: 
Fort Leavenworth, Kansas 66027 
U. S. Amy C K  A m r  Agency 
Fort b o x ,  Kentucky 4uiZi 
Michoud Assembly Faci l i ty ,  NASA 
ATTN: Library, I-blICH-OSD 
P. 0. Box 29300 
New Orleans, Louisiana 70129 
Aberdeen Proving Ground 
ATTN: Technical Library, Bldg. 313 
Aberdeen Proving tirouna, Yiryizi id  21X05 
NASA Sci. & Tech. Infomation Facility 
All": Acquisitions Branch (S-AK/DL) 
P. 0. Box 33 
College Park, Maryland 20740 
U. S. A m y  Edgewood Arsenal 
ATIN: Librarian, Tech. Info. Div. 
Edgewood Arsenal, Maryland 21010 








No. of Copies 
National Security Agency 
All”: C3/TDL 
Fort Made, Elaryland 20755 
Goddard Space Flight Center, NASA 
All”: Library, pocuments Section 
Greenbelt, Maryland 20771 
U. S. Naval Propellant Plant 
All”: Technical Library 
Indian Head, Maryland 20640 
U. S .  Naval Ordnance Laboratory 
ATTN: Librarian, Eva Liberman 
Si lver  Spring, Maryland 20910 
Air Force Cambridge Research Labs. 
L. G. Hanscom Field 
All”: CRMXLWStop 29 
Bedford, rvlassachusetts 01730 
Springfield A m r y  
Springfield, Massachusetts 01101 
Am: SWESP-RE 
U. S .  Army Materials Research Agency 
Watertown, Massachusetts 02172 
ATTN: AMXMR-ATL 
Strategic Air Ccmmand (OAI) 
Offutt Air Force Base, Nebraska 68113 
Picatinny Arsenal, usAMucoM 
Dover, New Jersey 07801 
U. S .  Anny Electronics Command 
Fort M m ~ u t h ,  New Jersey 07703 
Sandia Corporation 
All”: Technical Library 
P. 0. Box 5800 
Albuquerque, New Mexico 8’1 15 
OWRRtYT) 
Holloman Air Force Ease, New Mexico 88330 
Los A l m s  Scient i f ic  Laboratory 
A’ITN: Report Library 
P. 0. Box 1663 
Los Alamos, New Mexico 87544 
White Sands Missile Range 
A’ITN: Technical Library 
White Sands, New Mexico 88002 
Rome Air Development Center ( W - 1 )  
A”N:  Documents Library 




















No. of Copies - 
Brookhaven National Laboratory 
Technical Information Division 
A’ITN: Classified Documents Group 
Cpton, Long Island, New York 
Watervliet Arsenal 
Watervliet, N e w  York 12189 
U. S .  Army Research Office (ARO-D) 
Box (34, Duke Station 
lhrham, North Carolina 
A T ” :  S W - R D  
ATIN: 0-AA-IP  
Lewis Research Center, NASA 
All”: Library 
21000 Brookpark Road 
Cleveland, Ohio ’44135 
Systems Engineering Group (RTD) 
A’ITN: SEPIR 
Wright-Patterson Air Force Base, Ohio 45433 
U. S. Army Art i l lery & Missile School 
A”: Guided Missile Department 
Fort S i l l ,  Oklahoma 73503 
U. S .  Army CDC Arti l lery Agency 
All”: Library 
Fort S i l l ,  Oklahoma 73504 
U. S. Army War College 
Am: Library 
Carl is le  Barracks, Pennsylvania 17013 
U. S .  Naval Air Development Center 
ATIN: Technical Library 
Johnsville, Warminster, Pennsylvania 18974 
Frankford Arsenal 
ATTN: C-2500-Library 
Philadelphia, Pennsylvania 19137 
Div. of Technical Information Ext., USAEC 
P. 0. Box 62 
Oak Ridge, Tennessee 
Oak Ridge National Laboratory 
ATIN: Central Fi les  
P. 0. Box x 
Oak Ridge, Tennessee 
Air Defense Agency, USACDC 
A“: Library 
Fort Bliss, Texas 79916 
U. S. Amy Air Defense School 









No. of Copies 
U. S. Anny CDC Nuclear Group 
Fort Bliss, Texas 79916 
Manned Spacecraft Center, NASA 
ATIN: Technical Library, Code BM6 
Houston, Texas 77058 
Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 
U. S. Army Research Office 
ATIN: STINFO Division 
3045 Columbia Pike 
Arlington, Virginia 22204 
U. S. Naval Weapons Laboratory 
ATIN: Technical Library 
Dahlgren, Virginia 22448 
U. S. Army Engineer Res. & Jkv. Labs. 
ATIN: 
Fort Belvoir, Virginia 22060 
Langley Research Center, NASA 
A m :  Library, a-185 
Hampton, Virginia 23365 
Research Analysis Corporation 
ATIN: Library 
McLean, Virginia 22101 
Scient i f ic  & Technical Info. Br .  
U. S. Anny Tank Automotive Center 
ATTN: SMOTA-KTS.1 
Warren, Michigan 48090 
Hughes Aircraf t  Company 
Electronic Properties Information Center 
Florence Ave. & Teale St .  
Culver City, California 
Atomics International, Div. of NAA 
Liquid Metals Infomation Center 
P. 0. Box 309 
Canoga Park, California 
Foreign Technology Division 
A X < ;  L i b z i r ;  
IhTERNAL 
Headquarters 
U. S. Army Missile Command 
Redstone Arsenal, Alabama 
ATTN: M M I - D  
NdSMI-XE, M r .  Lowers 
AMSMI-XS, D r .  Carter 
AUSMI -Y 
M M I - R ,  Mr. McDaniel 
MMI-RA! 
M M I - R B L D  
USACDC-LnO 
AMsilI -RBT 











1 National Aeronautics c?, Space Administration 
Marshall Space Flight Center 
Huntsville, Alabama 
A'ITN: MS-T, M r .  Wiggins 5 
R-P&VE-W, D r .  Roy 1 
Wright-Patterson Air Force Base, Ohio 
Clearinghouse f o r  Federal Sc ien t i f ic  and 
U. S. Department of Conrmerce 
Springfield, Virginia 22151 
Foreign Science & Technology Center, USAMC 











DOCUMENT CONTROL DATA - RBD 
(Secunry cla.arflcatton of titlo. body of abatract and mdexme annotatton must be entered when the overall report I S  c h s s r f r e d )  
ORIGINATIN G A C T I V I T Y  (Corporate author) 2a. R E P O R T  SECURITY C L A S S I F I C A T I O N  
Redstone Scientific Information Center  
R e s e a r c h  and Develo m e n t  Directorate  Unclassified U.S. A r m  Miss i le  8 o m m a n d  2 b  GROUP 
Redstone l r s e n a l ,  Alabama 35809 N/A 
R E P O R T  T I T L E  
DETERMINATION O F  THE DIFFUSION COEFFICIENTS IN ALLOYS 
WITH SEVERAL PHASES, Izvestiya,  Akademii Nauk, SSSR, 
Metallurgiya i Gornoe Delo, No. 4, 147 -1 52 (1 964). 
Trans la ted  f r o m  the Russ ian  by H a r r y  Brooks 
Borisov,  V. T . ,  Golikov, V. M., and Dubinin, G. N. 
DESCRIPTIVE NOTES (Type of report and incluaiva date.) 
AUTHOR(S) (Laat name. l l n t  name. initid) 
. R E P O R T  DATE ?a.  T O T A L  NO. OF P A G E S  76 .  NO. O F  R E F S  
27 October 1966 13 15 
a. CONTRACT O R  GRANT NO,  
N / A  
b. P R O J E C T  NO. 
N/A 
5 .  
d. 
0. A V A I L  A B I L I T Y / L I M l T A T I O N  NOTICES 
Sa. ORIGINATOR'S REPORT  NUMBER^) 
RSIC -604 
Ob. O T H E R  REPORT NO@) {Anyottmtntnnbora thatmay aasigned 
thin report) 
AD 
Distribution of this  document is unlimited. 
I .  S U P P L E M E N T A R Y  NOTES 1 12. SPONSORING M l L t T A R Y  A C T I V I T Y  
None Same as No. I 
3 ABSTRACT 
Investigated is the method for  determining the diffusion coefficient in  cases 
when a multiphase diffusion l a y e r  is f o r m e d  on the s u r f a c e  zone of a metal. 
calculation of the diffusion coefficient is m a d e  by using as a n  example the 
The 
chromium-saturat ion of i r o n  i n  a gas  phase.  w 




W T  
14. 
K E Y  WORDS 
R O L E  
~~ ~ 
Diffusion coefficient 
Phas  e boundaries  
I so the rmic  point 
Concentration cu rves  
Spec t ra l  method 
W T  
I. ORIGINATING ACTIVITY Enter the name and address 
>f the contractor, subcontractor, grantee, Department of De- 
iense activity or other organization (corporate author) issuing 
:he report. 
2a. REPORT SECUATY CLASSIFICATION: Enter the o v e r  
a l l  security classification of the report. Indicate whether 
“Restricted Data” i s  included 
ance with appropriate security regulations. 
2b. GROUP: Automatic downgrading is specified in DoD Di- 
.ective 5200.10 and Armed Forces Industrial Manual. Enter 
:he group number. Also, w k n  applicable, show that optional 
markings have been used for Group 3 and Group 4 a s  author- 
ized. 
3. REPORT TITLE. Enter the complete report title in all 
zapital letters. T i t les  in all c a s e s  should be unclassified. 
If a meaningful title cannot be selected without classifica- 
:ion, show title classification in  all capitals in parenthesis 
immediately following the title. 
1. DESCRIPTIVE NOTES If appropriate, enter the type of 
report, e.g., interim, progress, summary, annual, or final. 
3ive the inclusive dates when a specific reporting period is 
:overed. 
5. AUTHOR(S): Enter the name($ of author(s) a s  shown on 
Jr in the ,report. Enter las t  name, first name, middle initial. 
[f  military, show rank and branch of service. The name of 
!he prir?cipal author is an absolute minimum requirement. 
6. REPORT DATE Enter the date of the report a s  day, 
month, year; or month, year. If more than one date appears 
on the report, use  date  of publication. 
7a. TOTAL NUMBER O F  PAGES: The total page count 
should follow normal pagination procedures, i.e., enter the 
number of pages containing information. 
7b .  NUMBER O F  REFERENCES: Enter the total number of 
references cited in the report. 
na. COiGRACT 2:: Op..4XT NIIMBER:. If appropriate, enter 
the applicable number of the contract or grant under which 
the report was written. 
86, 8c. & 8d. PROJECT NUMBER: Enter the appropriate 
military department identification, such a s  project number, 
subproject number, system numbers, task number, etc. 
9s.  ORIGINATOR’S REPORT NUMBER(S): Enter the offi- 
cial report number by which the document wi l l  be  identified 
and controlled by the originating activity. This  number must 
b e  unique to this  report. 
96. OTHER REPORT NUMBER(S): If the  report has been 
assigned any other report numbers (either by the originator 
or b y  the sponsor). also enter this  number(s). 
Marking is to be in accord 
R O L E  -
L I N K  A I L I N K  B I L I N K  C 
R O L E  
0. AVAILABILITY/LIMITATION NOTICES Enter any l i m  
tations on further dissemination of the report, other than thos’ 





“Qualified reques,ters may obtain copies of this  
report from DDC 
“Foreign announcement and dissemination of this 
report by DDC is not authorized. ” 
“U. S. Government agencies may obtain copies of 
this  report directly from DDC. Other qualified DDC 
users shaH request thrqugh 
,* 
(4) “U. S. military agencies may obtain copies of this 
report directly from DDC Other qualified users  
shall request through 
t 
(5) “Al l  distribution of this  report is controlled. Qual- 
ified DDC users shall request through 
,# 
If the report has  been furnished to the Office of Technical 
Services, Department of Commerce, for sa le  to the public, ind 
cate this  fact and enter the price, i f  knowa 
11. SUPPLEMENTARY NOTES. Use for additional explana- 
tory notes. 
12. SPONSORING MILITARY ACTiVTTi’; E&=; :he ? I P _ ~ C  of
the departmental project office or laboratory sponsoring ( p a y  
ing for) the research and development. Include address. 
13. ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document indicative of the report, even thougl 
it may also appear elsewhere in the body of the technical re- 
port. 
shall be attached. 
ports be u,,c:zi:zified Each uaragraph of the abstract shall 
end with an indication of the military security ciasJi:icP:i2n 
of the information in the paragraph, represented a s  ITS), CS), 
((7). or ((I). 
There i s  no limitation on the length of the abstract. H o w  
ever, the suggested length i s  from 150 to 225 words. 
14. KEY WORDS: K e y  words are‘ technically meaningful term 
or short phrases that characterize a report and may be used a 
index entries for cataloging the report. Key words must be 
selected so that no security classification i s  required. Iden  
fiers, such a s  equipment model designation, trade name, v i l i  
tary project code name, geoRraphic location, may be used a s  
key words but will be followed by an indication of technical 
context. The assignment of links, rules, and weights i s  
optional. 
If additional space i s  required, a continuation sheet 
It i s  highly desirable that the abstract of classified re- 
UNC LASSIFLED 
Security Classification 15 
